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Abstract

Introduction: In osteoporosis, there is an increase in reabsorption and a decrease in bone formation. This bone turnover could be measured through bone turnover markers (BTM) in order to predict the response in bone mineral density. In this trial, we describe BTM after initiation of Denosumab (DMAB) treatment and its relationship with subsequent long-term responses of BMD (Bone Mineral Density).



Materials and Methods: We observed 104 patients with osteoporosis in treatment with DMAB 60 mg, with subcutaneous administration every six months, between 2012 and 2016. The 46.5% of patients had received previous treatment with bisphosphonates and the rest of them were naive patients. We determined the values of markers of bone turnover (PINP and CTX) at baseline, then at 6 months and 12 months after starting treatment with DMAB and BMD was measured at baseline, then at 12 months and 24 months, after the initiation of DMAB. Finally, we verified whether there is a correlation between the decrease in bone markers at 6 months and the increase in BMD at one year.



Results and Conclusion: This analysis confirms a relationship between the descent of bone turnover marker and BMD response to therapy with DMAB; in this case between P1NP and CTX at 6 months of initiation of treatment and the increase in BMD in lumbar spine (LS), femoral neck (FN) and total radius (TR) at 1 year, but not statistically significant. We performed a sub analysis excluding the patients who were previously treated with bisphosphonates, finding a correlation between decreased levels of CTX and P1NP at 6 months and the increase in BMD in FN and TF at 1 year, respectively and statistically significant. We also detected a correlation between a decreased of P1NP at 6 months and the increase in BMD in TF at 2 years, statistically significant. We conclude that the use of bisphosphonates plays a role as confusion factor probably explaining why it is not statistically significant the whole analysis of the study. Therefore, future analysis will be needed. There is insufficient evidence to choose bone turnover markers to monitor osteoporosis treatment response in routine clinical practice, although it would be interesting to measure them in order to help us predict the therapeutic response at the level of bone mineral density.
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Introduction


Osteoporosis is a systemic disease characterised by low bone mass and an impaired micro architecture of bone, with the consequent increase in bone weakness and elevated risk of falls and fractures. It constitutes a public health problem worldwide and his prevalence is increasing, with the consequent impact on population: hospitalization, lower quality of life, important cause of morbidity and mortality and increased spending on the health system. An increase in bone remodelling has been observed in patients with osteoporosis. As a result, products of osteoclast and osteoblast activity could be modified and measured as biochemical markers in serum in order to predict the response in bone mineral density (BMD) [1].



There are some available osteoporosis treatments; which can be classified in two groups:



a)	Antiresorptive agents like bisphosphonates (BP), selective estrogen receptor modulators (SERM) and denosumab (DMAB) and,


b)	Bone-forming agents such as teriparatide and new agents such as Anti-sclerostin antibodies.





In addition, Strontium ranelate (SR), with a dual mechanism of action [2].



Denosumab is a human monoclonal antibody against the receptor activator of nuclear factor kappa-B ligand (RANKL) used for increasing bone mass in patients with osteoporosis and high risk for fracture. In previous studies, it has been shown that it is a potent antiresorptive agent that increases bone mass significantly at lumbar spine, total hip and one-third radius compared with placebo, and reduced the risk of vertebral and nonvertebral fractures in postmenopausal women with osteoporosis [3]. A few studies have evaluated correlations between biochemical markers and the BMD response with the different treatments of osteoporosis [4]. In 2005, Peiqui Chen et al. [1] had carried out a trial to quantify the relationship between biochemical markers and the BMD responses to teriparatide at the lumbar spine and femoral neck, observing an increase in markers 1 month after initiation of therapy. They found a highest correlation between the change in PINP (Carboxy-terminal extension peptide of procollagen type 1) at 3 months and the lumbar spine BMD response at 18 months.



Other Clinical trials demonstrated that determinations of biochemical markers of bone turnover could be used to monitor bisphosphonates treatment and that biochemical markers like NTX (N-telopeptide cross-links of type I collagen) and osteocalcin were significantly correlated with change from baseline at month 24 in spine and hip BMD [5]. Delmas PD et al. [6], observed that treatment with hormone replacement therapy (HRT) induces a rapid decrease in biochemical markers of bone which correlates with a subsequent increase in BMD. They correlated the changes in 3 markers (osteocalcin, ALP and CTX) and BMD in 569 women treated with 17 beta-estradiol, for 2 years, objectifying that resorption marker at 3 and 6 months of treatment were predictive of BMD response at 2 years [6].



A small study with a total of 13 female patients treated with SR after 4 months and previously treated with BP show that SR has a short-term predominantly stimulating effect on bone markers (Osteocalcin and CTX), which is associated with a increase in lumbar spine BMD at 2.5 years of treatment with SR [7]. The aim of this study was to describe bone turnover marker (ALP, P1NP and CTX) baseline and at 6 and 12 months after initiation of Denosumab treatment and its relationship with subsequent long-term responses of BMD at 12 and 24 months in LS, TF, FN and radius, to considering these markers as shortterm predictors of changes in bone mass.





Material and Methods

Study population




The present study, which was carried out from March 2012 to June 2016, included 104 patients of the metabolic bone disease unit in our centre, including 101 postmenopausal women and 3 men aged 41 to 89 (mean of 72 years old), who were in treatment with DMAB with subcutaneous administration every six months. The 46.5% of patients had received previous treatment with BP, 14.6% with teriparatide and 19.5% did not receive any previous treatment.



Bone Turnover Markers Assessment



From the fasting blood sample, we determined the values of some analytical variables like levels of calcium, creatinine, paratohormone, vitamin D, alkaline phosphatase and we assessed markers of bone remodelling as P1NP and a resorption marker as CTX, using electrochemiluminescence and radioimmunoassay, respectively. These determinations were performed at baseline and at 6 months and 12 months after starting treatment with DMAB. We described the changes in the markers at 6 and 12 months with respect to the baseline, showing the mean and standard deviation, as well as the p-value obtained by the Student's T test.




Bone Mineral Density Assesment (BMD)


BMD of lumbar spine (LS), total femur (TF), femoral neck (FN) and total radius (TR) in some patients, was measured using DXA (Hologic c.v. In vivo 1,2%) at baseline at 12 months and 24 months, after the initiation of DMAB, describing the changes at 6 and 12 months with respect to the baseline, obtained by the Student's T test.




Correlations between Biochemical Markers of Bone Turnover and BMD Response



Finally, we verified whether there is a correlation, through the Spearman coefficient, between the decrease in bone markers at 6 months and the increase in BMD at one year.


Results




Table 1:  Same analysis as in the previous point (Table 2), observing as a result a significant increase of BMD at 1 year and at 2 years of treatment with DMAB at LS and FN levels, without being significant in TF and TR.
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Table 2:  There is no statistically significant correlation between the decrease in CTX and P1NP at 6 months and the increase in BMD at LS, FN and TR.
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Table 3:     Correlation between markers at 6 months and BMD at 1 year in all patients.
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Table 4:     Correlation between BTM at 6 months and BMD at 12 months in naive patients.
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Table 5:    Correlation between BTM at 6 months and BMD at 24 months in naive patients.
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Data was available for 104 patients treated with DMAB. Table 1 describes the baseline values and changes at 6 and 12 months of the analytical values and markers of bone remodelling. We found statistical significance for changes in ALP, CTX and P1NP (Tables 2 & 3). In these three variables we found that there was a reduction, although changes at 6 and 12 months were very similar. We performed a sub analysis excluding the patients who were previously treated with bisphosphonates, finding a correlation between decreased levels of CTX and P1NP at 6 months and the increase in BMD in FN and TF at 1 year, respectively and statistically significant (Table 4). We also detected a correlation between a decreased of P1NP at 6 months and the increase in BMD in TF at 2 years, statistically significant
(Table 5).




Discussion







Specific markers to bone formation include bone-specific alkaline phosphatase (ALP), N-terminal propeptide of type 1 procollagen (P1NP) and osteocalcin; Bone resorption's markers include N-telopeptide of type 1 collagen (NTX) and C-terminal telopeptide of type 1 collagen (CTX). In terms of mechanisms of action, therapy with antiresorptive agents reduce bone turnover, which causes the stabilisation or an increase in BMD. Treatment with a bone-forming agent like teriparatide, in contrast to antiresorptive agents, increases bone remodelling, promoting an increase in the production of bone markers [2]. Actually, there are no guidelines for monitoring patients receiving treatment for osteoporosis, although usually they are monitored by dualenergy X-ray absorptiometry (DXA) with a minimum of 12-24 months between each of them. The use of bone remodelling markers has advantages over DXA: a cheaper procedure, less invasive and also can detect changes in bone turnover earlier. However, the use of such markers has other disadvantages; especially the variability between patients so they are not used routinely [4].







Conclusion

Bone turnover markers can provide information on the response to osteoporosis therapy rapidly, because of the reflex of the situation of bone activity. Actually, P1NP and CTX are the two bone markers most used in the clinical practice. Many studies have shown that different drugs for osteoporosis produce changes in these markers and increase bone mass. However, few studies correlate these markers with the situation of bone mass. This analysis confirms a relationship between baseline bone turnover marker and BMD response to therapy with Denosumab, 
in this case between the descent of P1NP y CTX at 6 months of initiation of treatment and the increase in BMD in femoral neck and total femur, respectively, statistically significant and also between the descent of P1NP at 6 months and the increase in BMD in total femur at 2 years, in naive patients.



We conclude that the use of bisphosphonates plays a role as confusion factor probably explaining why it is not statistically significant the whole analysis of the study. Therefore, future analysis will be needed. There isn't sufficient evidence to choose bone turnover markers to monitor osteoporosis treatment response in routine clinical practice, although it would be interesting to measure them in order to help us predicting the therapeutic response at the level of bone mineral density before BMD changes can be evaluated [8-10].
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